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Abstract: Several studies have advanced the understanding of the effects of cannabis on cognitive 
function. A comprehensive reappraisal of such literature may help in drawing conclusions about 
the potential risks associated with cannabis use. In summary, the evidence suggests that earlier age 
of use, high-frequency and high-potency cannabis use, as well as sustained use over time and use 
of synthetic cannabinoids, are all correlated with a higher likelihood of developing potentially 
severe and persistent executive function impairments. While the exact mechanisms underlying the 
adverse effects of cannabis on cognition are not completely clear, Magnetic Resonance Imaging 
(MRI) studies support the presence of both structural and functional alterations associated with 
cannabis use. Cognitive dysfunction is also a core feature of many neuropsychiatric disorders and 
care must be taken regarding the effects of cannabis use in these patient populations. Cognitive 
impairments affect patients’ daily functions, sociability, and long-term outcome, posing elevated 
economic, social, and clinical burdens. There is, thus, a compelling case for implementing behavioral 
and cognitive rehabilitation therapies for these patients, as well as investigating the 
endocannabinoid system in the development of new psychopharmacological treatments. 
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With around 200 million users worldwide, cannabis takes the lead when it comes to the number 
of people using a drug for recreational purposes [1]. The growing popularity of cannabis has seen a 
parallel increase of the public interest into its safety. Accumulating evidence associates cannabis use 
with several adverse behavioral, physiological, and neural effects [2], with acute challenge studies 
implying a causal relationship for such associations [3]. Indeed, studies of the long-term impact of 
cannabis suggest the development of tolerance [2] and dependence [4] upon sustained use. However, 
the harmful effects of cannabis are still debated, especially their severity and whether they are of a 
long-lasting nature. Interestingly, in a nine-category matrix of physical and social harm of both illicit 
and legal drugs, cannabis did not score in the top 10, while alcohol and tobacco did [5]. Cognitive 
function is one of the domains mostly investigated with reference to cannabis use, but also one of 
those generating the most conflicting results, with not all studies indicating poorer cognitive 
performance in otherwise healthy individuals or patients with a severe mental disorder and even 
some evidence of better performance in cannabis-using psychosis patients [6]. Studies of the effects 
of cannabis on cognition conducted over the last five decades have progressively unfolded a 
relationship of a complex nature, where several factors come into play. First, evidence indicates non-
uniform disrupting effects of cannabis across different cognitive domains [7]. Second, genetic 
background may determine different individual susceptibility to cannabis-induced cognitive 
impairments [8,9]. Third, cognition seems to be the domain most likely to demonstrate tolerance upon 
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repeated exposure, with some evidence of full tolerance indicating a complete absence of acute effects 
[2,10,11]. Fourth, cannabis composition and patterns of use play a relevant role, with both high-
potency cannabis varieties, i.e., cannabis high in concentration of the psychoactive component delta-
9-tetrahydrocannabinol (Δ9-THC) [12], and frequent cannabis use, e.g. daily [13], being associated 
with more pronounced cognitive impairments, thus supporting a cumulative adverse effect of Δ9-
THC. Fifth, synthetic cannabinoids, which act as more potent full agonists at the cannabinoid receptor 
type 1 than Δ9-THC, thus exerting a more severe disruption of the endocannabinoid system, have 
been shown to induce more evident cognitive impairments in healthy subjects, which are 
undistinguishable from those observed in psychosis [14]. Finally, the use of cannabis in adolescence 
may lead to more serious cognitive impairments, due to the drug interfering with brain maturation 
[15].  
An interesting up-to-date review article, “The Effects of Cannabinoids on Executive Functions: 
Evidence from Cannabis and Synthetic Cannabinoids—A Systematic Review”, published in Brain 
Sciences, brings together different lines of research about the effects of cannabis on cognition, 
including preclinical versus clinical evidence, acute versus long-term effects, occasional versus 
regular exposure and organic versus synthetic cannabinoids [16]. Such strategy emphasizes the 
importance of interpreting the available evidence altogether, to overcome the risks of interpreting the 
phenomenon based only on partial data [17]. Other merits of the review are that it applies rigorous 
inclusion criteria in terms of cognitive outcome measures, focusing only on objective measurements, 
as well as disentangles the effects of cannabis on each executive function sub-domain. High-level 
cognitive functions call on combinations of different component processes and there is evidence that 
changes in cognitive functioning, for instance, because of aging, are more likely to be masked when 
using more general cognitive measures compared to the use of more specific abilities [18]. It is, 
therefore, plausible that the same would happen with reference to the effects of cannabis use. 
Focusing on the three core executive functions, attention, working memory, and cognitive flexibility, 
separately [19], the authors make a noble attempt to deal with this potential issue. Moreover, in 
excluding studies performed on participants with psychiatric or substance use disorders, the review 
cut out two important arguments that could have hampered its conclusions; that is, the alternative 
explanation that the association between cannabis and cognitive impairments would be driven by 
use of other substances or coexisting psychopathological features, making cannabis users less 
proficient cognitively [20]. 
In the review by Cohen and Weinstein, one by one, all the apparent inconsistencies of the 
available literature find a possible explanation. Repeated exposure to cannabis is more clearly 
associated with the manifestation of executive function impairments. The evidence indicates a dose–
response relationship for the effect of cannabis on executive functions, with frequent users and users 
of potent forms of cannabis presenting with more pronounced cognitive impairments. Exposure to 
synthetic cannabinoids is more clearly associated with long-lasting impairments. Exposure during 
adolescence increases the likelihood of such impairments being more severe and persisting in 
adulthood.  
The exact mechanisms underlying the adverse effects of cannabis on cognition are not 
completely clear. However, implementing studies of the effect of cannabinoids on cognition in a 
Magnetic Resonance Imaging (MRI) design may help understanding the underlying neurobiological 
mechanisms [6]. Consistently, the evidence from structural MRI studies reviewed here support an 
association between chronic cannabis use and reduced gray matter volumes in brain regions relevant 
to cognitive processes, including the hippocampus and amygdala, with the extent of such alterations 
correlating with age of onset, frequency, and severity of cannabis use. Similarly, functional MRI 
studies indicate disputed brain activity in regions involved in the processing of several cognitive 
tasks as a function of cannabis use. Interestingly, some of this evidence suggests that, while 
performing a cognitive task, cannabis users’ brain activity may be disrupted, even in the absence of 
a less proficient behavioral performance, reflecting an attempt to sustain performance by recruiting 
additional or different neural resources [21]. This would provide another possible explanation for the 
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absence of the cannabis effect in those studies assessing exclusively the behavioral component of 
cognitive processing [22]. 
By affecting patients’ daily function, sociability, and long-term outcome, cognitive impairments 
place important socioeconomic burdens on society and patients themselves, also posing significant 
challenges to healthcare practitioners [23]. As Cohen and Weinstein point out, understanding how 
different cannabinoids may modulate cognitive processes can shed new light into the neurobiological 
mechanisms that increase the risk of long-lasting cognitive impairments in regular cannabis users. 
Moreover, cannabis use can increase the risk of developing disabling neuropsychiatric disorders, 
such as psychosis [24], and cognitive dysfunction is a core feature of such disorders [23]. Interestingly, 
endocannabinoid alterations have been implied in the pathophysiology of psychosis, independent of 
cannabis use [25]. Based on this evidence, along with the implementation of behavioral and cognitive 
rehabilitation therapies for these patients, there is also a compelling case for investigating the 
endocannabinoid system in the development of new psychopharmacological treatments [26]. 
Conflicts of Interest: The authors declare no conflicts of interest.  
References 
1. National Academies of Sciences, Engineering, and Medicine. The Health Effects of Cannabis and Cannabinoids: 
The Current State of Evidence and Recommendations for Research; The National Academies Press: Washington, 
DC, USA, 2017. 
2. Colizzi, M.; Bhattacharyya, S. Cannabis use and the development of tolerance: a systematic review of 
human evidence. Neurosci. Biobehav. Rev. 2018, 93, 1–25. 
3. Colizzi, M.; Weltens, N.; McGuire, P.; Lythgoe, D.; Williams, S.; Van Oudenhove, L.; Bhattacharyya, S. 
Delta-9-tetrahydrocannabinol increases striatal glutamate levels in healthy individuals: implications for 
psychosis. Mol. Psychiatry 2019, 1. 
4. Degenhardt, L.; Ferrari, A.J.; Calabria, B.; Hall, W.D.; Norman, R.E.; McGrath, J.J.; Flaxman, A.D.; Engell, 
R.E.; Freedman, G.D.; Whiteford, H.A.; et al. The Global Epidemiology and Contribution of Cannabis Use 
and Dependence to the Global Burden of Disease: Results from the GBD 2010 Study. PLOS ONE 2013, 8, 
e76635. 
5. Nutt, D.J.; A King, L.; Saulsbury, W.; Blakemore, C. Development of a rational scale to assess the harm of 
drugs of potential misuse. Lancet 2007, 369, 1047–1053. 
6. Colizzi, M.; Bhattacharyya, S. Neurocognitive effects of cannabis: Lessons learned from human 
experimental studies. Progress in Brain Research 2018, 242, 179–216. 
7. Lovell, M.; Akhurst, J.; Padgett, C.; Garry, M.I.; Matthews, A. Cognitive outcomes associated with long-
term, regular, recreational cannabis use in adults: A meta-analysis. Exp. Clin. Psychopharmacol. 2019. 
8. Taurisano, P.; Antonucci, L.A.; Fazio, L.; Rampino, A.; Romano, R.; Porcelli, A.; Masellis, R.; Colizzi, M.; 
Quarto, T.; Torretta, S.; et al. Prefrontal activity during working memory is modulated by the interaction 
of variation in CB1 and COX2 coding genes and correlates with frequency of cannabis use. Cortex 2016, 81, 
231–238. 
9. Colizzi, M.; Fazio, L.; Ferranti, L.; Porcelli, A.; Masellis, R.; Marvulli, D.; Bonvino, A.; Ursini, G.; Blasi, G.; 
Bertolino, A. Functional genetic variation of the cannabinoid receptor I and cannabis use interact on 
prefrontal connectivity and related working memory behavior. Neuropsychopharmacology 2015, 40, 640–649. 
10. Colizzi, M.; McGuire, P.; Giampietro, V.; Williams, S.; Brammer, M.; Bhattacharyya, S. Previous cannabis 
exposure modulates the acute effects of delta-9-tetrahydrocannabinol on attentional salience and fear 
processing. Exp. Clin. Psychopharmacol. 2018, 26, 582–598. 
11. Colizzi, M.; McGuire, P.; Giampietro, V.; Williams, S.C.; Brammer, M.; Bhattacharyya, S. Modulation of 
acute effects of delta-9-tetrahydrocannabinol on psychotomimetic effects, cognition and brain function by 
previous cannabis exposure. Eur. Neuropsychopharmacol. 2018, 28, 850–862. 
12. Colizzi, M.; Bhattacharyya, S. Does Cannabis Composition Matter? Differential Effects of Delta-9-
tetrahydrocannabinol and Cannabidiol on Human Cognition. Curr. Addict. Rep. 2017, 4, 62–74. 
13. Meier, M.H.; Caspi, A.; Ambler, A.; Harrington, H.; Houts, R.; Keefe, R.S.E.; McDonald, K.; Ward, A.; 
Poulton, R.; Moffitt, T. Persistent cannabis users show neuropsychological decline from childhood to 
midlife. Proc. Natl. Acad. Sci. 2012, 109, E2657–E2664. 
Brain Sci. 2020, 10, 133 4 of 4 
 
14. Altıntaş, M.; Inanc, L.; Oruc, G.A.; Arpacioglu, S.; Gulec, H. Clinical characteristics of synthetic 
cannabinoid-induced psychosis in relation to schizophrenia: a single-center cross-sectional analysis of 
concurrently hospitalized patients. Neuropsychiatr. Dis. Treat. 2016, 12, 1893–1900. 
15. Hurd, Y.L.; Manzoni, O.J.; Pletnikov, M.V.; Lee, F.S.; Bhattacharyya, S.; Melis, M. Cannabis and the 
Developing Brain: Insights into Its Long-Lasting Effects. J. Neurosci. 2019, 39, 8250–8258. 
16. Cohen, K.; Weinstein, A.M. The Effects of Cannabinoids on Executive Functions: Evidence from Cannabis 
and Synthetic Cannabinoids—A Systematic Review. Brain Sci. 2018, 8, 40. 
17. Loke, Y.K.; Price, D.; Herxheimer, A. Systematic reviews of adverse effects: framework for a structured 
approach. BMC Med Res. Methodol. 2007, 7, 32. 
18. Harada, C.N.; Love, M.N.; Triebel, K. Normal cognitive aging. Clin. Geriatr. Med. 2013, 29, 737–52. 
19. Diamond, A. Executive functions. Annu. Rev. Psychol. 2013, 64, 135–168. 
20. Haney, M.; Evins, A.E. Does Cannabis Cause, Exacerbate or Ameliorate Psychiatric Disorders? An 
Oversimplified Debate Discussed. Neuropsychopharmacol. 2015, 41, 393–401. 
21. Bossong, M.G.; Jager, G.; Bhattacharyya, S.; Allen, P. Acute and non-acute effects of cannabis on human 
memory function: a critical review of neuroimaging studies. Curr. Pharm. Des. 2014, 20, 2114–2125. 
22. Pope, H.G.; Gruber, A.J.; Yurgelun-Todd, D. Residual neuropsychologic effects of cannabis. Curr. Psychiatry 
Rep. 2001, 3, 507–512. 
23. Stuchlik, A.; Sumiyoshi, T. Cognitive Deficits in Schizophrenia and Other Neuropsychiatric Disorders: 
Convergence of Preclinical and Clinical Evidence. Front. Behav. Neurosci. 2014, 8, 444. 
24. Colizzi, M.; Murray, R. Cannabis and psychosis: what do we know and what should we do? Br. J. Psychiatry 
2018, 212, 195–196. 
25. Appiah-Kusi, E.; Wilson, R.; Colizzi, M.; Foglia, E.; Klamerus, E.; Caldwell, A.; Bossong, M.G.; McGuire, P.; 
Bhattacharyya, S. Childhood trauma and being at-risk for psychosis are associated with higher peripheral 
endocannabinoids. Psychol. Med. 2019, 1–10. 
26. O’Neill, A.; Wilson, R.; Blest-Hopley, G.; Annibale, L.; Colizzi, M.; Brammer, M.; Giampietro, V.; 
Bhattacharyya, S. Normalization of mediotemporal and prefrontal activity, and mediotemporal-striatal 
connectivity, may underlie antipsychotic effects of cannabidiol in psychosis. Psychol. Med. 2020, 2020, 1–11. 
 
 
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 
 
